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Abstract: Micropropagation is as a tool for sustainable utilization and allows the
production of a large number of virus-free clones within a short period. Also,
micropropagationis fundamental for the conservation of genetic resources. The
presentstudy was carried out to establish protocols for the invitropropagation of Jujube
(Ziziphusspp)and contribute to the conservation of plant geneticresources.In the study,
shoot tips of two selected jujube genotypes (20-C-10 and 20-C-22) were used as a material.
MS (Murashige and Skoog) medium supplemented with both TDZ (thidiazuron) and BAP
(benzylaminopurine) as a cytokinin was used for micropropagation of jujube genotypes.
The highest percentage of explants forming shoots (93.3 %) and the highest number of
shoot per explants (5.7) was obtained on the MS medium containing 0.1 mg/l TDZ+0.5
mg/l BAP+0.1 mg/l IBA (indolebutyric acid)+0.3 mg/l GA3(gibberellic acid) in 20-C-10
jujube genotype. The highest rooting percentages of 20-C-10 and 20-C-22 jujube
genotypes (83.3 % and 80.0 %, respectively) were obtained on half-strength MS medium
supplemented with 2.0 mg/l IBA.
Keywords: jujube, micropropagation, thidiazuron, benzylaminopurine, in vitro rooting
Bekir San, Adnan Nurhan Yıldırım, Fatma Yıldırım & Fevzi Mustafa Ecevıt
86 Journal of Science and Technology
1. INTRODUCTION
Jujube (Ziziphusspp), also known as ber, is widely distributed in tropical and
subtropical climates in the world (Mukhtar et al. 2004). The fruits of Z. mauritania
and Z. jujuba are of economic importance and they are cultivated in several
countries such as especially India and China. Jujube is a hardy tree of arid region
which can be grown successfully in saline soil under hot, arid environment (Meena
et al. 2003). Nevertheless, there is a genetic variation for this species in some parts
of Turkey. Its fruits have been consumed in fresh, dried forms and processed (jams,
loaf, cakes, jelly etc.) in the world (Pareek, 2002).  However, Jujube fruits are
generally consumed as dried or fresh in Turkey. Its fruits are acceptable to the taste
with a good amount of vitamin A, C and B complexes and minerals (Pareek, 2002;
San et al. 2009). In addition that, saponin, alkaloids, tannins, flavonoids, sterols,
and fatty acids have been isolated and chemically identified from the different
species of the genus Ziziphus (Croueour et al. 2002; Abdel-Zaher et al. 2005;
Bhargava et al. 2005; Zhao et al. 2008; San and Yildirim, 2010). Besides, jujube
fruit has important levels of antioxidant activity and scavenging effect on free
radicals because of having a good amount of vitamin and phenolics (Li et al. 2005).
Some parts of plant such as seeds, leaves and juice of roots are used in traditional
medicine for the treatment of some diseases (Mukhtar et al. 2004, Abdel-Zaher et
al. 2005).
Micropropagation is as a tool for sustainable utilization and allows the production
of a large number of virus-free clones within a short period. Besides,
micropropagation is fundamental for the conservation of genetic resources. In vitro
propagation techniques and innovative approaches will be usefulan alternative
method for commercial propagation and conservation of jujube. Assareh and
Sardabi(2005) reported that micropropagation technique is more favorable than the
other vegetative propagation methods for jujube.Also, several researcher have been
studied micropropagation techniques such as organogenesis, somatic embryogenesis
and shoot tip culture of jujuba (Sudhersan et al., 2001; Danthu et al., 2004; Gu and
Zhang, 2005; Kim et al., 2006). However, the development of an efficient
micropropagation method is necessary.
The present study was carried out to establish protocols for the in vitro propagation
of Jujube (Ziziphusspp) and contribute to the conservation of plant genetic
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resources. For this purpose in the study, it was determined that the effects of
combinations and doses of some plant growth regulators on micropropagation of
jujube genotypes, ‘20-C-10’ and ‘20-C-22’ selected from Denizli-Turkey.
2. MATERIALS AND METHODS
The study was carried out in the laboratories of Horticulture Department at
Suleyman Demirel University during 2007 and 2008. Shoot tips from adult plants
of jujube genotypes ‘20-C-10’ and ‘20-C-22’ selected from Denizli-Turkey were
used as a plant material in the study.
2.1. In vitro shoot propagation
To determine the best plant growth regulator combinations for in vitro propagation
of jujube, young shoots of jujube genotypes were harvested on May 17, 2007. The
shoots were washed under running tap water and disinfected in 3.00 % (v/v)
sodium hypochlorite solution for 18 min, followed by three rinses in sterile distilled
water for 5 min. Shoot tips (about 0.5 cm)  were cultured for 3 weeks in test tubes
and subcultured for 4 weeks in erlenmayer flasks on MS (Murashige and Skoog,
1962) medium consisting of 0.5, 1.0 and 2.0 mg/l benzyl amino purine (BAP) or
thidiazuron (TDZ) as a cytokinin and 0.01, 0.1 and 0.5 mg/l indole-3-butyric acid
(IBA). Efficient proliferation was not provided on MS medium consisting plant
growth regulator combinations stated above. Therefore, MS media supplemented
with both TDZ and BAP as a cytokinin were tested for micropropagation of jujube.
For this purpose, MS media supplemented with different combinations of TDZ
(0.1, 0.3 and 0.5 mg/l) and BAP (0.1, 0.3, 0.5 and 1.0 mg/l) were studied. 0.1 mg/l
IBA and 0.3 mg/l GA3 were added in to all media at the same concentrations. Shoot
tips were incubated in a room at 25±1ºC, under a 16 hours photoperiod provided
by cool white fluorescent lamps (140-150 µmol m-2 s-1). Two subcultures were made
at 4 weeks intervals and at the end of each subculture, the percentage of explants
forming shoots and number of shoots per explants were determined.
2.2. Rooting of microcuttings
In order to root the in vitro shoots, micropropagated shoots of jujube genotypes
were transferred to MS and half-strength MS media supplemented with the
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concentrations of IBA or NAA as 0, 0.5, 1.0, 2.0 and 4.0 mg/l. Shoot explants were
cultured in a growth chamber at 25±1ºC, under a 16 hours photoperiod provided
by cool white fluorescent lamps (140-150 µmol m-2 s-1) for 3 weeks. The
percentage of rooted shoots and the number of roots per rooted shoot were
determined at the end of 3 weeks.
3% (w/v) sucrose and 0.6% agar (w/v) (Merck Co.) were added in to all media at
both shoot proliferation and in vitro rooting studies and the pH was adjusted to 5.7
before autoclaving at 121oC for 15 min. Each treatment consisted of 3 erlenmayer
flasks with 5 explants per flask. Data were subjected to an analysis of varianceusing
Minitab software (MINITAB Inc.) and the means were separated by Duncan’s
Multiple Range test (P<0.05). The percent data were transformed into angle values
and angle values were used in the variance analysis. In the tables, real values
obtained were presented.
3. RESULTS AND DISCUSSION
3.1. In vitro shoot propagation
MS medium was successfully used for in vitro proliferation of some jujube cultivars
in previous studies by some researchers (Kim and Lee, 1988; Yan et al. 1990;
Rathore et al. 1992; Foguat et al. 1997; Wu et al. 2004; Sudhersan and Hussain,
2003). Shoot formation was observed on the MS medium containing TDZ alone
but shoots were very short and unhealthy. On the other hand, when the medium
supplemented with BAP alone as a cytokinin was used as previous studies (Kim and
Lee, 1988: Yan et al. 1990; Fougat et al. 1997), explants did not produce the new
shoots and the explants turned yellow on the medium. Finally, we used the MS
medium supplemented with both TDZ and BAP as a cytokinin for
micropropagation of jujube genotypes. TDZ and BAP were more effective in the
micropropagation of jujube genotypes when they were used together. Table 1
presents the percentage of explant produced shoots and the number of shoots per
explant recorded on MS medium containing doses of both BAP and TDZ as
cytokinin.  It was found that there were significant differences between treatments
based on percentage of explant produced shoots and the number of shoots per
explants.  While the percentage of explant produced shoots changed from 53.3 % to
93.3 % for 20-C-10 and 26.2 % to 86.7 % for 20-C-22, the number of shoots per
A Study on Micropropagation as a Tool for Sustainable Utilization of Jujube (Zizyphus
jujuba Mill.) Genotypes
89Volume: 2 / Number: 1 / Year:2014
explant changed from 1.47 to 5.70 for 20-C-10 and 1.80 to 4.87 for 20-C-22. The
highest percentage of explant produced shoots and the highest number of shoots per
explant were recorded from the media containing0.1 mg/l TDZ+0.3 mg/l BAP and
0.1 mg/l TDZ+0.5 mg/l BAP for both jujube genotypes.However, the differences
between stated combinations and some of other treatment were not significant
(Table 1). The highest shoot numbers were 5.7and 4.87 for jujube genotypes ’20-C-
10’ and ’20-C-22’, respectively (Table 1). Similar results were also reported by
Rathore et al. (1992).Micropropagation of jujube was achieved on MS medium
supplemented with 0.5 mg/l BAP or 1.0 mg/l BAP in previous studies(Kim and
Lee, 1988; Yan et al. 1990; Fougat et al. 1997). But, the same doses of BAP were
not effective on in vitro propagation of jujube genotypes in our study.  Similar to
our results, Jiang et al. (2004) reported that BAP and TDZ were more effective on
micropropagation of jujube genotypes when they were used together. Zeatin and
kinetin were also used for micropropagation of jujube by other researchers (Wu et
al. 2004).
Table 1. The effect of plant growth regulator combinations on in vitro propagation
of jujube
Plant Growth Regulators
Combinations
20-C-10 jujube genotype 20-C-22 jujube genotype
The percentage
of explant
forming shoots
No of shoots
per explant
The percentage
of explant
forming shoots
No of
shoots per
explant
0.1 mg/L TDZ+0.1 mg/L
BAP*
53.3 c** 2.10 cd 46.6 ab 2.07 c
0.1 mg/L TDZ+0.3 mg/L
BAP
80.0 ab 4.27 b 86.7 a 4.87 a
0.1 mg/L TDZ+0.5 mg/L
BAP
93.3 a 5.70 a 70.0 a 4.70 a
0.1 mg/L TDZ+1.0 mg/L
BAP
80.2 ab 3.07 c 73.4 ab 3.20 b
0.3 mg/L TDZ+0.1 mg/L
BAP
66.7 bc 2.17 cd 60.0 ab 2.53 bc
0.3 mg/L TDZ+0.3 mg/L
BAP
73.4 bc 2.53 cd 60.0 ab 2.73 bc
0.3 mg/L TDZ+0.5 mg/L
BAP
73.3 bc 1.87 cd 53.8 ab 2.10 c
0.3 mg/L TDZ+1.0 mg/L
BAP
73.6 bc 1.53 d 33.3 b 1.87 c
0.5 mg/L TDZ+0.1 mg/L 60.0 bc 1.90 cd 46.9 ab 2.00 c
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BAP
0.5 mg/L TDZ+0.3 mg/L
BAP
66.8 bc 2.40 cd 53.3 ab 2.33 bc
0.5 mg/L TDZ+0.5 mg/L
BAP
53.3 c 1.90 cd 26.2 b 2.00 c
0.5 mg/L TDZ+1.0 mg/L
BAP
60.1 bc 1.47 d 26.7 b 1.80 c
* All media also containing  0.1 mg/L IBA and 0.3 mg/L GA3.
** Values within each column followed by the same letter are not significantly different at p ≤ 0.05
level
3.2. Rooting of microcuttings
Rooting percentages and number of root per rooted shoots of jujube genotypes ‘20-
C-10’ and ‘20-C-22’ were given in Table 2..Generally, the highest rooting
percentage and the number of roots per rooted shoot were obtained from half
strength MS and MS media containing 2 mg/l IBA. Half strength MS medium was
relatively more effective than MS medium on rooting induction of both jujube
genotypes although there is not any difference between them statistically.
Additionally, the media containing doses of IBA induced higher rooting of
microcuttings than those containing doses of NAA. The highest rooting percentages
were obtained from half strength MS medium containing 2.0 mg/l IBA for jujube
genotypes ’20-C-10’ and ’20-C-22’ (83.3 % and 80.0 %, respectively). Generally,
different doses of IBA and NAA did not affect statistically the numbers of roots per
rooted shoot in the study.Some researchers reported that IBA induced the rooting
of jujube microcuttings as similar to our results (Wu et al. 2004; Sudhersan and
Hussain, 2003; Du et al. 1997).  Wu et al. (2004) reported that shoots of jujube
were rooted at 90% on half strength MS medium containing 0.8 mg/l IBA.
Additionally, half strength MS medium containing 2.0 mg/l IBA or 1.0 mg/l IBA +
0.05 mg/l IAA increased the rooting percentage of jujube microcuttings (Du et al.
1997).
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Table 2. The effects of different IBA and NAA concentrations on rooting of jujube
genotypes
Treatments
20-C-10 jujube genotype 20-C-22 jujube genotype
Rooting  shoots
(%)
No of roots per
rooted shoot
Rooting  shoots
(%)
No of roots per
rooted shoot
½ MS 0 h* 0 g
½ MS+0.5 mg/L IBA 46.7 c-e 1.7 a-c 53.3 a-d 1.9 ab
½ MS+1.0 mg/L IBA 53.3 b-d 1.5 a-c 60.0 a-c 1.7 ab
½ MS+2.0 mg/L IBA 83.3 a 2.1 a-c 80.0 a 2.3 a
½ MS+4.0 mg/L IBA 56.7 bc 1.3 a-c 43.3 b-d 2.1 ab
½ MS+0.5 mg/L NAA 6.7 gh 1.0 c 13.3 e-g 1.2 b
½ MS+1.0 mg/L NAA 23.3 ef 1.7 a-c 10.0 e-g 1.8 ab
½ MS+2.0 mg/L NAA 43.3 c-e 1.6 a-c 53.3 a-d 1.6 ab
½ MS+4.0 mg/L NAA 27.7 d-f 1.4 a-c 6.7 fg 1.8 ab
MS 0 h 0 g
MS+0.5 mg/L IBA 33.3 c-e 1.3 bc 40.0 b-d 1.6 ab
MS+1.0 mg/L IBA 40.0 c-e 1.6 a-c 50.0 a-d 1.7 ab
MS+2.0 mg/L IBA 73.3 ab 1.9 ab 73.3 ab 2.0 ab
MS+4.0 mg/L IBA 50.0 b-e 2.5 a 36.7 c-e 2.2 a
MS+0.5 mg/L NAA 0.0 h 6.7 fg 2.0 ab
MS+1.0 mg/L NAA 26.7 d-f 2.2 ab 33.3 c-e 1.8 ab
MS+2.0 mg/L NAA 33.3 c-e 1.3 a-c 40.0 b-d 1.7 ab
MS+4.0 mg/L NAA 13.3 fg 1.5 a-c 20.0 d-f 1.5 ab
* Values within each column followed by the same letter are not significantly different at p ≤ 0.05
level
4. CONCLUSION
As a conclusion, MS media supplemented with BAP alone and TDZ alone was
not effective on micropropagation of jujube genotypes ’20-C-10’ and ’20-C-22’.
TDZ and BAP were more effective to produce shoot from explants when used
together. The highest percentage of explants that produced shoots and the
number of shoots per explant were obtained from MS medium supplemented
with 0.1 mg/L TDZ+0.5 mg/l BAP+0.1 mg/L IBA+0.3 mg/l GA3. The highest
rooting percentages were obtained on half-strength MS media supplemented with
2.0 mg/L IBA in jujube genotypes ’20-C-10’ and ’20-C-22’ (83.3 % and 80.0 %,
respectively).
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